Abstract. We study the gauge invariance of physical observables related to confinement and dynamical chiral symmetry breaking in unquenched QED3 for a simple truncation of the corresponding Schwinger-Dyson equations in arbitrary covariant gauges. An explicit implementation of Landau-Khalatnikov-Fradkin transformations renders these observables gauge independent.
MOTIVATION
Almost 99 percent of the mass of ordinary matter is of dynamical origin. Lattice simulations confirm it with high accuracy. In continuum, Schwinger-Dyson equations (SDE) provide a natural platform to study non perturbative phenomena, like dynamical chiral symmetry breaking and confinement. In this contribution, we present preliminary results of a gauge covariance study of the solutions to the SDE in unquenched QED3 truncated at the leading order of the 1 /Nf approximation, where Nf is the number of massless fermion families of the theory [1, 2] . We extend the analysis to arbitrary covariant gauges [3] and study the gauge (in)dependence of the physical observables associated to dynamical chiral symmetry breaking and confinement through a direct implementation of the Landau-Khalatnikov-Fradkin transformations (LKFT).
THE STUDY
The gap equation in the leading order of the 1 /Nf truncation in QED3 in an arbitrary covariant gauge is [3] 
Here, a = e^Nf is kept small as Nf ^ °° and e^ is the coupling constant. This equation is solved by numerical techniques varying Nf for every value of the gauge parameter S, in order to study the gauge dependence of the associated physical observables.
In Fig. 1 , we show the constituent mass and condensate as a function of Nf computed from the solutions to eq. (1) 
Constituent mass and Condensate as a function of Nf from LKFT in different covariant
Nf2^Nc = ?>-2 only in Landau gauge, in accordance with known results [1] \ but remain finite in any other gauge. This ambiguity arises from the violation of gauge covariance of the truncation scheme [3] .
To remedy the situation, we appeal to the LKFT, which specify the way in which a Green's function varies from a gauge to another. In QED3 in momentum space, they take the simple form (2) where X^ = a^ + {k±p)^. Starting from the solutions in Landau gauge, F{k;0) and M{k; 0), we LKF transform them to other covariant gauges. In Fig. 2 we show that the LKFT restore the gauge covariance, rendering physical observables gauge independent. Quenched QED3 exhibits confinement, but it is swept away when loops of massless fermions are considered. Yet, if fermions in loops acquire mass either explicitly or dynamically, confinement is restored. We perform a confinement test [3] on the solutions to eq. (1) defining the spatially averaged Schwinger function
When A(?;<5) c:± e "** the propagator describes a free particle, but if A(?;<5] e^"'^*cos{m2 + 5), it describes a confined excitation.
In the left panel of Fig. 3 , we show the logarithm of A{t; ^) fox Nf = 2 derived directly from the solutions to the SDE. We observe that confinement is present in all covariant gauges, with exception of the Landau gauge. In the right panel we show the same (normalized to A(l,<5)), but derived from LKFT, which reveals that there exists deconfinement in arbitrary covariant gauges. Thus, we conclude that the direct implementation of LKFT in SDE studies guarantee the gauge independence of physical observables related to Confinement and Dynamical Chiral Symmetry Breaking in QED3.
